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Abstract 
The characteristics of a parasitic microstrip antenna array 
with a center-fed patch are experimentally investigated. 
parasitic array is composed of identical parasitic patches which 
are symmetrically arranged and electromagnetically coupled t o  a 
center-fed patch. 
patches and their positions relative to the center-fed patch are 
parameters in the study. To show mutua coupling effects between 
radiating and nonradiating edges of adjacent patches, the imped- 
ance and radiation characteristics of a three-element parasitic 
array excited with (0.1) mode are examined, and compared t o  that 
of a single patch. Experimental data indicate that the presence 
of parasitic patches has significant effects upon the gain, 
resonant frequency and impedance bandwidth o f  the array. 
The 
The shape and dimens ons of the parasitic 
I n t roduc  t i on 
Using p a r a s i t i c  elements t o  enhance the  bandwidth o f  a micro- 
1-3 s t r i p  antenna pa tch  have been s tud ied  by numerous researchers .  
The antenna c o n f i g u r a t i o n s  g e n e r a l l y  c o n s i s t  o f  a center - fed  pa tch  
w i t h  one o r  more ad jacent  p a r a s i t i c  patches of  d i f f e r e n t  resonant 
l eng ths .  Such an arrangement improves t h e  bandwidth, b u t  i s  usu- 
a l l y  accompanied by a degradat ion  o f  the  p a t t e r n  c h a r a c t e r i s t i c s  
over  t h e  impedance bandwidth of  the  antenna. 1-2 
Very l i t t l e  work has been repo r ted  i n  the  l i t e r a t u r e  regard- 
i n g  t h e  use o f  p a r a s i t i c  elements t o  enhance the g a i n  o f  t h e  
antenna. 
enhancement i n  g a i n  can be achieved w i t h  p a r a s i t i c  patches o f  
i d e n t i c a l  s i zes .  This conc lus ion  i s  supported by a t h e o r e c t i c a l  
model o f  Lee e t  al. , ’  who a l s o  p o i n t  o u t  t h e  p o t e n t i a l  advan- 
tages of  us ing  p a r a s i t i c  subarrays as the  bas i c  u n i t  for  a l a r g e  
antenna a r ray  w i t h  MMIC ( m o n o l i t h i c  microwave i n t e g r a t e d  c i r c u i t )  
phase and ampl i tude c o n t r o l s .  
Entschladen and Nage14 showed exper imen ta l l y  t h a t  
The aim o f  t h i s  paper i s  to  present  some exper imental  r e s u l t s  
o f  impedance and r a d i a t i o n  c h a r a c t e r i s t i c s  for  a center - fed  para- 
s i t i c  antenna a r r a y  w i t h  i d e n t i c a l  p a r a s i t i c  elements. 
Experimental Resu l ts  
I n  the experiment, t h ree  antenna c o n f i g u r a t i o n s  were tes ted :  
a f ive-element cross ( F i g .  l ( a ) > ,  a three-element and a seven- 
element l i n e a r  a r r a y  of square and r e c t a n g u l a r  patches (F ig .  l ( b ) ) .  
2 
The rec tangu la r  patch having dimensions a = 0.78 cm and 
0.519 cm was etched on a Cuflon subs t ra te  w i t h  cr = 2.17, and 
the  2 by 2 cm square pa tch  was etched on a f i b r e g l a s s  subs t ra te  
w i t h  cr = 4.1. 
v i a  a coax ia l  feed. 
b = 
I n  bo th  cases, o n l y  the  center  pa tch  was d r i v e n  
F i r s t ,  t he  impedance c h a r a c t e r i s t i c s  o f  a three-element 
square patch a r r a y  c o n s i s t i n g  o f  a center- fed pa tch  and two adja-  
cen t  p a r a s i t i c  patches were  i nves t i ga ted .  The feed l o c a t i o n  was 
conf ined t o  the  c e n t e r - l i n e  along the  y-ax is  a t  a d is tance,  yo, 
from the  edge ( F i g .  2) to  ensure a s i n g l e  mode (TMO,) ope ra t i on .  
For t h i s  feed p o s i t i o n ,  the edges a long the  x-axis correspond t o  
the  r a d i a t i n g  edges. The antenna con f igu ra t i ons  o f  F ig .  2(b> and 
( c )  were tes ted  to study the e lect romagnet ic  coup l i ng  between the 
r a d i a t i n g  and the nonrad ia t i ng  edges r e s p e c t i v e l y .  
the p a r a s i t i c  elements enhance the  impedance bandwidth as c l e a r l y  
i n d i c a t e d  i n  the res i s tance  curves (b )  and ( c )  o f  F igure  2.  The 
i n t e r a c t i o n  i s  s t ronger  between the nonrad ia t i ng  edges than the 
r a d i a t i n g  edges. A s  a consequence, the impedance bandwidth o f  
F i g .  2 (c>  i s  cons iderab ly  broader compared w i t h  the  bandwidth o f  
F ig .  2 (b) ,  and i s  more than double the  bandwidth o f  a s i n g l e  
antenna. For the antenna conf igura t ion  ( c ) ,  the measured resonant 
f requency i s  about 3.46 GHz,  and the  impedance bandwidth w i t h  
10 dB r e t u r n  loss i s  about 6 percent.  
I n  genera l ,  
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The impedance loc for a f ive-element cross and a th ree-  
element l i n e a r  p a r a s i t  c a r r a y  of r e c t a n g u l a r  patches a r e  d i s -  
p layed on Smith c h a r t  n F igure  3. A l l  patches are  etched on 
10 m i l  Cuf lon subs t ra tes  w i t h  0.08 cm element spacing. F i g u r e  3 
shows t h a t  t h e  presence o f  p a r a s i t i c  patches in t roduces  loops i n  
the impedance l o c i .  The loop decreases i n  s i z e  and e v e n t u a l l y  
degenerates i n t o  a cusp as the  c o u p l i n g  between t h e  p a r a s i t i c  
patches and the  d r i v e n  patch i s  reduced. A s  i n d i c a t e d  i n  curve 
( c )  f o r  the f ive-e lement  cross,  t h e  impedance locus shows a l a r g e  
loop i n d i c a t i n g  a s t r o n g  i n t e r a c t i o n  between t h e  n o n r a d i a t i n g  
edges; a small  loop  and a cusp from weak c o u p l i n g  between t h e  
r a d i a t i n g  edges. The appearance of t h e  loops suggests t h a t  t h e  
p a r a s i t i c  elements behave l i k e  coupled m u l t i p l e  tuned c i r c u i t s .  
F igure  4 shows t h e  impedance l o c i  for a f ive-element cross and a 
three-element l i n e a r  p a r a s i t i c  a r r a y  of r e c t a n g u l a r  patches etched 
on a 30 m i l  Cu f lon  s u b s t r a t e  w i t h  0.25 cm element spacing. 
Because of  wider spacing and lower antenna Q assoc ia ted  w i t h  
t h i c k e r  subst rates,  the p a r a s i t i c  e f fec t  on t h e  impedance charac- 
t e r i s t i c s  i s  small. I n  F igures 3 and 4 ,  t h e  impedance l o c i  for  a 
s i n g l e  patch are a l s o  inc luded f o r  comparison purpose. 
For antenna c o n f i g u r a t i o n s  o f  3, 5 ,  and 7 r e c t a n g u l a r  e le -  
ments etched on 10 m i l  Cuflon subs t ra tes ,  t h e  r e s u l t s  o f  t h e  g a i n  
and p a t t e r n  measurements a re  summarized i n  Table 1 for  t h e  lowest  
mode (TMO1). As noted before, the  presence of p a r a s i t i c  elements 
s h i f t s  the resonant frequency s l i g h t l y .  The increase i n  g a i n  and 
decrease i n  beamwidth are q u i t e  obv ious.  
p a r a s i t i c  elements de r i ve  energy f rom the  e x c i t e d  pa tch  through 
near f i e l d  coup l ing ,  and re - rad ia te  as d i s c r e t e  elements i n  an 
a r r a y .  The i n t e r a c t i o n  i s  stronger for  c l o s e r  spacing, as i s  
ev iden t  from the  data for d = 0.24 cm and d = 0.08 cm. For 
d = 0.08 cm, the  ga in  increases from the s i n g l e  patch va lue o f  
4 . 9  t o  8.6 db for the five-element cross and t o  10 db for  the  
seven-element l i n e a r  a r ray .  
and 80° by 16O r e s p e c t i v e l y  compared w i t h  looo by 80° for  the  
s i n g l e  patch. 
Th is  happens because the  
The 3 db beamwidths are  50° by 55O 
The H and E plane pa t te rns  for  the  antenna c o n f i g u r a t i o n s  
o f  F igure  1 were measured. The p a t t e r n s  fo r  the t h i n  rec tangu la r  
pa tch  (10 m i l )  w i t h  d = 0.08 cm a re  shown i n  F igures 5 and 6, and 
the  p a t t e r n s  f o r  the t h i c k  rec tangu lar  patches (30 m i l )  w i t h  
d = 0.08 and The 
p a t t e r n s  o f  the s i n g l e  patches a r e  a l s o  prov ided f o r  comparison. 
I t  appears t h a t  the presence of i d e n t i c a l  p a r a s i t i c  elements does 
n o t  cause any ser ious degradat ion i n  the r a d i a t i o n  p a t t e r n s .  
Conclusions 
d = 0.25 cm are shown i n  F igures  7 t o  10. 
Experimental r e s u l t s  i nd i ca te  t h a t ,  by p l a c i n g  i d e n t i c a l  
p a r a s i t i c  patches adjacent  t o  a d r i v e n  patch,  a broadside rad ia -  
t i o n  p a t t e r n  w i t h  s i g n i f i c a n t  enhancement i n  ga in  i s  ob ta ined 
w i t h o u t  any degradat ion o f  the p a t t e r n  c h a r a c t e r i s t i c s .  The 
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impedance bandwidth i s  a l s o  broadened cons iderab ly ,  p a r t i c u l a r l y ,  
when t h e  coupl ing i s  between the  n o n r a d i a t i n g  edges o f  the  anten- 
nas. 
impedance l o c i ,  and thus, t h e  p a r a s i t i c  elements a c t  l i k e  coupled 
m u l t i p l e  tuned c i r c u i t s .  
i n t o  a cusp as a r e s u l t  o f  weak c o u p l i n g  w i t h  wider  element spa- 
c i n g  and lower antenna Q. I n  genera l ,  t h e  presence o f  p a r a s i t i c  
patches a l t e r s  t h e  resonant f requency and the  i n p u t  impedance of 
The presence o f  p a r a s i t i c  elements in t roduces  loops i n  the  
The loop  reduces i n  s i z e ,  and degenerate 
the  antenna. 
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Antenna I n t e r e l e m e n t  spac ing  d = 0 .25  c m  
c o n f i g u r a t i o n  
Resonant Gain, 3 dB 
f requency ,  dB beamwidths, 
GH z deg 
S i n g l e  pa tch  12.7 4.9 100 x 80 
12.98 7.0 100 x 60 3 element 
l i n e a r  a r r a y  
7 element 1 12.87 1 i:: 1 100 x 60 1 13.19 I 8 . 6  I 50 x 5 5  1 l i n e a r  a r r a y  5 element c ross  12.84 81 x 57 13 .0  10.0 80 x 16 
I n t e r e l e m e n t  spac ing  d = 0.08 cm 
Resonant Gain,  3 dB 
f requency ,  dB beamwidths, 
GHz deg 
12.7 4.9 100 x 80 
12.95 8 .1  95 x 47 
( A )  5-ELEMENT CROSS. 
x - COAXIAL FEED 
(B) 3 AND 7-ELEMENT LINEAR ARRAY. 
FIGURE 1. - GEOMETRIES OF ( A )  A 5-ELE- 
MENT CROSS AND (B) A 3 AND 7-ELEMENT 
a = 0.78 CM. b = 0.519 CM, d = 0.08 CM 
AND 0.25 CM. 
LINEAR ARRAY FOR: Er = 2.17, 
40 - 
30 - 
20 
10 
- 
- 
0 -  
-10 
-20 - 
- 
3 . 4  3.5 3 . 6  
FREQUENCY, GHz 
t 
( A )  I 
FIGURE 2. - IMPEDANCE PLOT FOR ( A )  2x2 CM SQUARE 
PATCH, (B) AND (C) 3-ELEMENT LINEAR ARRAY. 
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FIGURE 3 .  - IMPEDANCE LOCI FOR (A) A SINGLE MICROSTRIP 
PATCH, (B) A 3-ELEMENT PARASI.TIC ARRAY AND (C) A 5- 
ELEMENT CROSS FOR: € r  = 2.17, a =  0.78 CM, b =  0.519 CM, 
d = 0.08 CM AND SUBSTRATE THICKNESS = 10 MIL. 
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FIGURE 4. - IMPEDANCE LOCI FOR (A) A SINGLE MICROSTRIP 
PATCH, (B) A 3-ELERNT PARASITIC ARRAY AND (C) A 5- 
ELEMENT CROSS FOR: Er = 2.17, a = 0.78 CM, b = 0.519 CM. 
d = 0 . 2 5  CM AND SUBSTRATE THICKNESS = 30 MIL. 
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I I I 
-80' -60' -40' -20' 
SINGLE PATCH 
5-ELEMENT CROSS 
__--- 3-ELEMENT LINEAR ARRAY 
7-ELEMENT LINEAR ARRAY _ _  _.__----- - 
I I I I ' 20' 40' 60' 80' 
DEGREES FROM BROADSIDE 
FIGURE 5. - H-PLANE PATTERNS FOR: & r  = 2.17, d = 0.08 CM, AND 
SUBSTRATE THICKNESS = 10 MIL. 
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SINGLE PATCH 
5-ELEMENT CROSS 
3-ELEMENT LINEAR ARRAY 
7-ELEMENT LINEAR ARRAY 
-____ 
-- -- - - - - - - - 
0 
25 
30 
I 
-80' -60' -40' -20' 0' 20' 40' 60' 80' 
DEGREES FROM BROADSIDE 
FIGURE 6. - E-PLANE PATTERNS FOR: Er = 2.17, d = 0.08 CM. AND 
SUBSTRATE THICKNESS = 10 MIL. 
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SINGLE PATCH 
3-ELEMENT LINEAR ARRAY 
I I I 
I I 
I I 1 I 
\ .  ‘--,I 
$ 
30 
40 
50  
60 
I 
-80 -60 -40 -20 0 20 40 60 80 
DEGREES 
FIGURE 7. - H-PLANE PATTERNS FOR: Er = 2.17. d = 0.08 CM AND 
SUBSTRATE THICKNESS = 30 MIL. 
SINGLE PATCH 
3-ELEMENT LINEAR ARRAY 
5-ELEMENT CROSS - - - - - - - - - 
0 
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SINGLE PATCH 
_.--- 3-ELEMENT LINEAR ARRAY 
5-ELEMENT CROSS ------- -- 
-80 -60 -40 -20 0 20 40 60 80 
DEGREES 
FIGURE 9. - H-PLANE PATTERNS FOR: Ey = 2.17,  d = 0 . 2 5  CM AND 
SUBSTRATE THICKNESS = 30 MIL. 
SINGLE PATCH 
3-ELEMENT LINEAR ARRAY 
5-ELEMENT CROSS - - - - - - - -- 
- 20 
% I  
40 
50  I- 60 
-80 -60 -40 -20 O 20 40 60 80 
DEGREES 
FIGURE 10. - E-PLANE PATTERNS FOR: E l  = 2.17. d = 0 . 2 5  CM AND 
SUBSTRATE THICKNESS = 30 MIL. 
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